We present a case of drug overdose in which energy-dispersive X-ray fluorescence spectrometry (EDX) was applied as a screening test. Elemental analysis by EDX identified strong peaks for titanium, silicon and magnesium in the stomach contents that seemed to be derived from pharmaceutical additives in ingested pharmaceutical tablets. Toxicological examination using liquid chromatography-tandem mass spectrometry identified toxic levels of 7-aminonitrazepam, 7-aminoflunitrazepam (metabolites of nitrazepam and flunitrazepam, respectively) and some other drugs in the blood, and also residues in the stomach. We concluded that the cause of death was poisoning due to ingestion of multiple drugs. Our results indicate that the detection of titanium, silicon and magnesium in stomach contents offers a good indicator for ingestion of tablets and that EDX provides useful information for forensic diagnosis.
R apid
screening, identification and quantification of drugs or chemicals is important in forensic practice. Energy-dispersive X-ray fluorescence spectrometry (EDX) can provide useful and suggestive information in forensic diagnosis, such as on the presence of mercury, arsenic, bromine, sulfur, silicon and titanium [1] [2] [3] [4] [5] [6] . Here, we report the application of EDX as a first step in the toxicological screening of stomach contents in a forensic case, and discuss the utility of this modality as an indicator of drug ingestion.
CAsE rEport
A Japanese man in his thirties (height, 172 cm; weight, 58.5 kg) was found dead in his room.
Subsequent investigation by the authorities revealed that the deceased had been prescribed psychotropic drugs, and empty packets were found in his room. Medicolegal autopsy revealed no injury or findings of natural disease. The left and right lungs weighed 561 g and 704 g, respectively, and both were congested. The heart weighed 291 g and contained 260 mL of blood with a small amount of coagulum, and the brain weighed 1480 g without any injury. The stomach contents comprised approximately 60 mL of greenish liquid with granules. Toxicological analysis using liquid chromatographytandem mass spectrometry (LC-MS/MS) was performed according to the instructions from the manufacturer. Quantitation of ethanol was performed using headspace gas chromatography.
We also applied elemental analysis by EDX to the stomach contents of the victim using an EDX system (Rayny EDX-720; Shimadzu, Kyoto, Japan) [4] [5] [6] . Operating conditions for EDX were as follows: target, Rh anode; operating voltage, 50 kV; X-ray path, vacuum; detector, Si (Li); and measurement time, 100 s. We used 100 µL of sample, dripped onto ST-30 filter paper with a paraffin circle (Shimadzu, Kyoto, Japan). The sample on filter paper was then dried at room temperature. Following drying of the filter paper, EDX analysis was performed.
rEsults AnD DisCussion
Various kinds of additives such as D-mannitol, talc, cellulose, stearates, metasilicate, and titanium dioxide are used in tablets containing pharmaceutical agents [7] . Figure 1 shows the spectra of stomach contents from the victim and a control sample using EDX. Relatively high peaks of titanium, silicon and magnesium were identified in the stomach contents of the victim. Among these, titanium is widely used as a pharmaceutical additive for coloring or shielding, in the form of titanium dioxide [6] , and silicic acid compounds and magnesium compounds are also used as fluidizers in pharmaceutical products [7] . Toxicological examination revealed that the victim had ingested nitrazepam, flunitrazepam and zopiclone (Table 1) . Those pharmaceutical tablets contained titanium dioxide, silicic acid compound and magnesium compounds [8] [9] [10] . The relatively high peaks of titanium, silicone and magnesium in stomach contents therefore provided additional useful information for the dosage form as tablets.
Toxicological analysis identified various kinds of psychotropic drugs, as shown in Table 1 . Therapeutic, toxic and lethal ranges of each drug are also shown [11, 12] . Analytical results indicated the presence of fatal or toxic levels of 7-aminonitrazepam and 7-aminoflunitrazepam, while other drugs were within therapeutic ranges [11, 12] . Approximately 2 mg of nitrazepam and 1 mg of flunitrazepam were found in the stomach. No ethanol was detected from blood. Blood levels of the sum of nitrazepam and its metabolite 7-aminonitrazepam over 0.5 µg/mL are considered fatal [12] , and relatively high concentrations of nitrazepam with flunitrazepam may cause coma and respiratory depression [11] . Based on the pathological and toxicological findings, we concluded that the cause of death was poisoning due to the combined effects of the ingested drugs.
EDX allows rapid, simultaneous multi-element analysis without any special sample preparation. Application in the field of forensic medicine has thus been widely reported, not only in the field of toxicology, but also in pathology [13] [14] [15] [16] [17] [18] . In the present case, EDX rapidly provided the information that the victim Figure 1 . The EDX spectrum of stomach contents from the present case (a; titanium, silicon and magnesium are identified) and control stomach contents (b).
* Therapeutic toxic and lethal ranges are cited from the reference [11] . ** Minimam fatal concentration includes total of flunitrazepam and 7-aminoflunitrazepam, nitrazepam and 7-aminonitrazepam [12] . Each figure in parentheses represents the total amounts of drug in the stomach (mg). had ingested drugs in the form of tablets. Detection of titanium, silicon and magnesium in stomach contents seems to offer a good indicator of tablet ingestion. EDX offers useful information for forensic diagnosis in cases of unnatural death.
